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GAS MASKS FOR GASOLINE AND PETROLEUM 
VAPORS.’ 


By S. H. Karz and J. J. BLooMFIELD. 


INTRODUCTION. 


Vapors of petroleum, gasoline, and other products of petroleum— 
all of which are termed petroleum vapors in this paper—cause 
anesthetic effects when inhaled. “Gasoline jags” are frequent 
among workers in oil refineries, dry-cleaning establishments, rubber 
factories, and other plants using gasoline. Occasionally men are 
overcome,? and some have died in consequence of breathing the 
vapors. Aside from the hydrocarbon vapors themselves, some 
petroleums such as Mexican and that from the Ohio field contain in 
solution, and evolve when exposed, hydrogen sulphide gas, which 1s 
exceedingly poisonous when breathed, quickly causing unconscious- 
ness and death. 

Men sometimes have to enter tanks, tank cars, bunkers of ships, 
or other containers that hold vapors of gasoline or petroleum, in 
order to make inspections, repairs, or adjustments. Of course, it 
is best when the work is extensive to clean and ventilate the space 
thoroughly in order to insure a supply of pure air before workmen 
enter; but sometimes this is not feasible or is inordinately expensive 
when the job is small. Under such circumstances the gas mask, the 
hose mask, or the self-contained oxygen breathing apparatus may 
give adequate protection for completing a job with a minimum of 
time, labor, and expense. When tanks are cleaned it is sometimes 
necessary to enter them before the vapors are wholly eliminated; a 
little protection then will usually enable men to work in comfort, 
whereas otherwise the vapors may be very annoying even if not 
especially dangerous. Small respiratory apparatus, such as the gas 
mask, is often helpful to factory workers who encounter similar 
vapors. 

This paper gives the results of work on the degree of protection 
afforded by the canister type of gas mask, the hose mask, and the 
self-contained oxygen breathing apparatus against gasoline vapors 


18ubmitted by 8. H. Katz to the faculty of the University of Pittsburgh by the senior 
author as partial requirement for the degree of chemical engineer. Suggestions and en- 
couragement from Prof. H. C. Bashioum are gratefully acknowledged. 

2 New York Times, Six, loading gasoline, overcome by fumes: Vol. 70, Aug. 5, 1921, 
p. 4, col. 6. 

* Fieldner, A. C., Kats, 8. H., and Kinney, 8. P., Permeation of oxygen breathing appa- 
ratus by gases and vapors: Tech. Paper 272, Bureau of Mines, 1921, 24 pp. 
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and the like. In general, the gas mask with canisters containing 
fresh, dry, activated charcoal gives protection for a limited time 
against hydrocarbon vapors in concentrations not exceeding 5 per 
cent in air. Higher concentrations may quickly penetrate a canister. 
The hose mask gives good protection against all concentrations that 
a man’s skin will bear. The thin rubberized bags of the self-con- 
tained oxygen breathing apparatus can be penetrated by gasoline 
vapors, but bags of rubber one-sixteenth inch thick exclude them.® 
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GAS MASKS WITH ACTIVATED CHARCOAL ADSORBENT. 


The canister-type gas mask, the type commonly known since the 
World War, is now widely used for protection against many gases 
and vapors encountered in civil life. This mask, as used for military 
purposes, has inherent limitations in industry, in that it does not 
completely restrain and absorb gases exceeding 2 to 5 per cent in 
air; it becomes saturated after a certain amount of gas or vapor is 
taken up; it does not absorb ammonia gas or carbon monoxide; and 


*Fieldner, A. C., Katz, 8S. H., and Kinney, S. P., Permeation of oxygen breathing appa- 
ratur by gases and vapors: Tech. Paper 272, Bureau of Mines. 1921, 24 pp. 


Google 


GAS MASKS WITH ACTIVATED CHARCOAL ADSORBENT, 8 


it does not supply oxygen which is needed to support life in atmos- 
pheres deficient in oxygen. The Bureau of Mines called attention ‘ 
to these deficiencies as soon as the mask was taken up for civilian 
purposes. Since then the bureau has developed the “universal” gas 
mask ® that protects against ammonia, carbon monoxide, and all 
other poisonous gases; but the limitations regarding high concentia- 
tions of gas and inability to supply oxygen still hold FOr all canister 
gas masks, 

The canister of the Army mask entaing a granular mixture of 
soda lime and activated charcoal.° Soda lime is especially useful 
for absorbing acid gases, such as hydrogen sulphide, sulphur dioxide, 
phosgene, chlorine, and many others. It. has no value whatever 
against organic vapors, which include gasoline and petroleum vapors, 
benzene, aniline, chloropicrin, and the like; activated charcoal ab- 
sorbs (more correctly, adsorbs) these. -Hence, when a mask is in- 
tended for use solely against a vapor such as gasoline, it gives longer 
life and better service if filled with charcoal only. The ability of 
charcoal to adsorb gasoline vapor has led to its use in extracting gaso- 
line from natural gas;* its action there is entirely similar to its 
action in removing gasoline from air breathed through a canister. 
Because a certain quantity of charcoal can take up only a limited 
amount of gasoline at a limited rate, a gas mask will allow vapors 
to penetrate after the charcoal becomes saturated or when the vapor 
concentration exceeds the activity of the charcoal to restrain and 
adsorb it. 

ACTIVATED CHARCOAL. 


Ordinary charcoal made by destructive distillation of wood has 
the property of adsorbing very small amounts of gas and vapor. 
Since adsorbents of maximum adsorbing property were needed for 
gas masks during the war, experiments led eventually to the large- 
scale production of “activated” charcoal. Coconut shells were 
first destructively distilled at temperatures up to 1,000° C. and 
then “ activated ” by superficially oxidizing them with air or steam 
to remove from the surfaces of the carbon structure “ stabilized 
hydrocarbons ” or “ inactive carbon ” deposited by the decomposition 


«WMeldner, A. C., Industrial uses and limitations of respirators, gas masks, and oxygen 
breathing apparatus: Safety, vol 1, March, 1919, pp. 75-79; Chem. and Met. Eng., vol. 
20, March, 1919, pp. 220-221. 

© Katz, 8. H., Bloomfield, J. J., and Fieldmer, A. C., The universal and fireman’s gas 
masks: Tech. Paper 300, Bureau ‘of Mines, 1928, 22 pp. 

*Fieldner, A. C., Katz, 8. H., and Kinney, 8S. P., Gas masks tor gases met in fighting 
fires: Tech. Paper 248, Bureau of Mines, 1921, 61 pp.; Lamb, A. B, Wilson, RB. B., and 
Chaney, N. K., Gas mask absorbents: Jour. Ind. Eng. Chem., vol. 11, May, 1919, pp. 
420—438. 

7 Oberfell, G. G., and Burrell, G. A., New method recovers gas; charcoal absorption 


process for obtaining gasoline from netural gas: Gas Record, vol. 11, May, 1919, pp. 
420-438. 
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of hydrocarbons at high temperatures.* The residue of “ activated 
carbon ” has an enormously increased capacity for adserption. Ac- 
tivated charcoal has been shown® to contain within its structure 
innumerable submicroscopic capillaries and pore spaces ranging 
in mean diameter between 2.8107 and 9.2107 cm., with 
1.310-* cm. as maximum; and the surfaces exposed in these minute 
openings (160 to 436 square meters per gram) are enormously great 
compared to the external surfaces. 

Molecules of gas or vapor that encounter these surfaces are held 
fast (adsorbed) in layers one to several molecules thick, and in 
some circumstances capillary action, as exhibited by liquids, plays 
a part. The forces that hold the adsorbed molecules to those of the 
charcoal are of the same nature as those that bind together the 
molecules of solids and liquids or the atoms of chemical compounds. 

Charcoal eventually becomes saturated with gas or vapor; that is, 
equilibrium between the adsorbed phase held by capillarity and the 
gaseous phase ensues, and thereafter adsorption proceeds no further. 
The equilibrium is disturbed when the partial pressure of the gase- 
ous constituent, or the temperature, changes. Thus at higher par- 
tial pressures a charcoal adsorbs more; then, if the partial pressure 
of the gaseous constituent is lowered, some of the adsorbed gas is 
emitted. Similarly, at lower temperatures more gas is adsorbed, 
and adsorbed gases are evolved when the charcoal is heated. As a 
general rule the lower the temperature of a vapor compared to its 
boiling point the more readily is the vapor adsorbed by charcoal. 


GASOLINE AND PETROLEUM VAPORS. 


Gasoline consists of a mixture of the lighter and more volatile 
hydrocarbon liquids that constitute petroleum. The main com- 
ponents of gasoline belong to the paraffin series (C,H...) and may 
range from butane (C,H,,) to nonane (C,H,,), although dissolved 
hydrocarbon gases, air gases, some unsaturated compounds, and 
cyclic compounds may be present. The lighter compounds have 
higher vapor pressures, volatilize more readily, and hence tend to 
mix im-larger proportion with air. Kerosene is that fraction of 
petreloum which distills at temperatures just above those of the 
gasoline fractions; after kerosene come gas oil and the lubricating 
oils. Kerosene and the heavier fractions are so much less volatile 
than gasoline at ordinary temperatures that the danger from breath- 
ing them is of minor importance. 


® Chaney, N. K., The activation of carbon: Trans. Am. Electrochem. Soc., vol. 36, 1919, 
pp. 91-111. . 

* Lowry, H. B., and Hulett, G. A., Studies in the adsorption by charcoal, Pt. I—The 
relaticn of service time to adsorption and absorption: Jour. Am. Chem. Soc., vol. 42, 
July, 1920, pp. 1393-1408. 
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Petroleums are mixtures of numerous hydrocarbons whose molec- 
ular weights range from light to heavy. Refining simply separates 
this mixture of hydrocarbons into simpler parts and removes small 
amounts of impurities. Petroleums usually contain more dissolved 
gases—including the natural-gas paraffins (methane, ethane, and 
propane), air, and carbon dioxide, which in themselves are not 
poisonous—than refined products, but some petroleums contain 
hydrogen sulphide, which is exceedingly poisonous. Most petroleums 
present the same respiratory hazards and problems as gasoline and 
the other light products obtained by refining. 


PHYSIOLOGIC EFFECTS OF PETROLEUM VAPORS. 


Inhalation of gasoline and other volatile hydrocarbons given off by 
petroleum causes headache, dizziness, and frequently an intoxication 
in which the victim becomes excited and hysterical. Experiments 
made by the Bureau of Mines ?° have shown that the odor of gaso- 
line is noticeable in inhaled air containing 0.03 per cent gasoline; in 
air containing 0.07 increasing to 0.28 per cent gasoline a man became 
dizzy at the end of 1414 minutes; in a concentration of 1.13 to 2.22 
per cent for three minutes a man became so dizzy that he was com- 
pelled to hold fast to a table to be able to stand; in a concentration 
increasing from 2.22 to 2.60 per cent, a man became dizzy after only 
10 to 12 breaths. Lehmann gives 15 to 25 mg. of gasoline to a 
liter of air, corresponding to 0.13 to 0.71 per cent, as the maximum 
that can be inhaled within 30 minutes to one hour without causing 
serious disturbances. More recently Haggard ?? showed that, when 
concentrations were gradually increased from zero, dogs exhibited 
each of the various physiological symptoms at practically the same 
concentrations, although the time factor varied somewhat. Thus, in 
several experiments in which dogs were placed in pure air to which 
gasoline vapor was added gradually, convulsions always occurred 
when 1 per cent concentration of gasoline vapor was attained, al- 
though the periods of exposure varied from 12 to 35 minutes; this 
was followed by immobility when the concentration reached 1.6 per 
cent after total exposures of 16 to 44 minutes. One of the tests was 
carried further; anesthesia resulted after a total exposure of 28 
minutes, at which time the concentration was 2.3 per cent. Four 
minutes later this dog died. The final concentration was 2.6 per cent. 


* Meldner, A. C., Katz, 8. H., and Kinney, S. P., Permeability of oxygen breathing appa- 
ratus to gasoline vapors: Tech. Paper 272, Bureau of Mines, 1921, 24 pp. 

1 Lehmann, K. B., Tabelle der kleinsten Mengen schidiicher Fabrikgase, welche noch 
giftig sind under der Mengen, welche allenfalls ertragen werden. In book by Rudolf 
Kobert, Kompendium der praktischen Toxikologie zum Gebrauche fiir Arzte, Studlerende 
und Medizinalbeamte. Stuttgart, 1912, p. 45. 

12 Haggard, H. M., The anesthetic and convulsant effects of gasoline vapor: Jour, Phar- 
macol. and Exp. Therapeut., vol, 16, December, 1920, pp. 401-403. 
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The stage between unconsciousness and death is thus very narrow, 
making the vapors of the higher hydrocarbons dangerous anesthetics. 

High concentrations of the vapors quickly overcome the victims, 
causing complete insensibility and then death. However, when a 
victim still living is removed to fresh air, he usually recovers. The 
Schaefer 7* prone pressure method of artificial respiration should be 
used to resuscitate if breathing is shallow or has ceased. Recovery is 
sometimes accompanied by severe headache and sometimes by nausea. 


TESTS OF GAS MASKS AGAINST GASOLINE VAPORS. 


Gas masks were investigated for completeness and duration of 
protection against gasoline vapors. Tests were made with chemical 
testing machines and by men wearing the masks in atmospheres 
containing the vapors. In the tests three classes of gasoline were — 
used—very light casing-head gasoline, and high-grade and low- 
grade motor gasoline. The gasoline vapors present the greatest 
hazards and the conditions that make protection most difficult ; tests 
against other types of vapor were not made, since masks will pro- 
vide equal or greater protection against other petroleum products. 


DESCRIPTION OF GAS MASES. 


Plate I, A, shows a United States Army Tissot-type gas mask, 
which in all essentials has been generally adopted for industrial use. 
The face piece, fashioned of stockinet-covered rubber one-sixteenth- 
inch thick, forms a pocket over the face and allows breathing 
through the nose. A corrugated, noncollapsible rubber tube connects 
the face piece with the canister, which is supported in a haversack 
hung from the neck and held against the chest by a cord around the 
body. Inhaled air enters through the bottom of the canister, is 
purified there, and passes to the face piece. The eyeglasses are 
of nonshatterable glass, large enough to allow a wide angle of 
vision; they are kept free of fog by the dry incoming air delivered 
against them. Exhaled air escapes through a “ flutter” valve. The 
elastic head harness may be adjusted to size. This mask is a later 
development and is much more comfortable than the R. F. K. type 
with mouthpiece and nose clips which was worn during the war. 

The same Tissot face piece is used with canisters of different sizes, 
containing different adsorbents. In the tests described hereinaf- 
ter, canisters holding about 114 pints or 600 c. c., 1,500 c. c., and 
8,600 c. c., respectively, of activated charcoal or soda lime were em- 
ployed. Plate I, 2, represents a mask with the large 3,600 c. c. 
canister supported and held by straps around the neck and the body. 
Figures 1 and 2 give details of the 600 c. c. and the 3,600 c. ¢. char- 
coal-filled canisters. The 1,500 ¢c. c. canister has dimensions of 


’wCannon, W. B.. Crile. G. M., Erlanger, Joseph, Henderson, Y., and Meltzer, T. J., 
Report of the committees on resuscitation from mine gases: Tech, Paper 77, Bureau of 
Mines, 1914, 35 pp. 
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B. GAS MASK WITH LARGE CANISTER HOLDING 
3,600 C. C. OF CHARCOAL, HAS GREATER CAPACITY 


FOR GASOLINE VAPORS, AND GIVES LONGER 
TIME OF PROTECTION 


TESTS OF GAS MASKS AGAINST GASOLINE VAPORS. ‘| 
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238X634 <7 cubic inches, otherwise it is similar to the 3,600 ¢. c. 


size, 


Adsorbents in the canisters are granular, sized between screens 
of 8 and 14 meshes per inch. In the 600-c. c. canister, the adsorb- 
ent is divided into three portions of 200 c. c each by filters of 
cotton wool which arrest mists, smoke, dust, or other suspen- 
sions that otherwise are not removed. At the top of the charcoal 
is @ filter of turkish toweling and a stiff screen which holds the 
granules in place through the pressure of a strong spring. The 
1,500 and 3,600 c. c. canisters have two cotton-wool filters, one of 
which is at the top. The canister cases of tin plate are identical 
in design to the canister of the United States Army gas mask used 
during the World War,’ and need no special explanation. These 
three types of masks weigh 4, 514, and 8 pounds, respectively, and 
are much lighter than other types of breathing apparatus. 


TESTING MACHINE. 


A diagram of the apparatus for testing canisters against gasoline 
vapors is given.in Plate II. Plate III shows the apparatus without 
the gas interferometer. 

The method of testing is the same in principle as used against 
various gases and vapors during the World War ™‘—that is, air 
mixed with 1 per cent of gasoline vapor is blown through the canister 
at the rate of 32 liters per minute, and the time during which all 
gasoline is retained by the canister is taken as the measure or life 
of the canister. 

As Plate IT shows, the air first bubbles through bottles containing 
sulphuric acid solution to maintain a 50 per cent relative humidity, 
because moisture changes affect the charcoal.’ The air then passes 
to an orifice connected by tubes to a constant-flow device,!* which 
automatically causes 32 liters per minute to pass to the canister, re- 
gardless of any changes in canister resistance. A mechanism then 
puts liquid gasoline into the air line, where the gasoline vaporizes. 

This mechanism was devised for especial use with gasoline, be- 
cause constancy of gasoline-vapor output, unlike that of the water 
vapor mentioned above, can not be controlled by simple means. A 
pure liquid consisting of a single component has a definite vapor 
pressure at any one temperature, and can saturate air passed 


4s Fieldner, A. C., Katz, 8S. H., and Kinney, 8S. P., Gas masks for gases met in fighting 
fires: Tech. Paper 248, Bureau of Mines, 1921, 61 pp. 

* Fieldner, A. C., Oberfell, G. C., Teague, M. C., and Lawrence, J. N., Methods of testing 
gas maske and adsorbents: Jour. Ind. Eng. Chem., vol. 11, June, 1919, pp. 519-540. 

“Lamb, A. B., Wilson, R. E., and Chaney, N. K., Gas mask absorbents: Jour. Ind. Eng. 
Chem., vol. 11, May, 1919, pp. 420-438. 

** Oberfell, G. G., and Mase, R. P., An automatic compensating flowmeter: Jour. Ind. 
Eng. Chem., vol. 11, April, 1919, pp. 294-296. 
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through it to definite and uniform concentrations. Control of the 
temperature gives control of the concentrations. 

Gasoline is a mixture of various liquid hydrocarbons; it tends first 
to evolve more of its lighter and more volatile constituents, leaving 
a liquid of decreasing volatility; the constituents of the vapor change, 
and the vapor concentration decreases progressively. The mechani- 
cal method of adding gasoline continuously and in measured flow to 
the air stream and then volatilizing the gasoline completely has 
given good results in canister testing. The mechanism consists of a 
constant-speed motor which is geared through a series of reducers 
and step pulleys to a screw that raises a mercury-leveling bottle at a 
constant rate. Liquid gasoline in a burette is displaced by the mer- 
cury and flows into the air line; to assist its vaporization the gasoline 
is heated at this point by means of an electric tube furnace. 

The air and vapor pass through a mixing bottle, and then through 
the canister; or they may be by-passed around the canister and 
escape through an outlet tube. Concentration of the vapors is de- 
termined by drawing a small portion of the gases through an inter- 
ferometer,!? with which air-gasoline mixtures are quickly analyzed. 
Gases entering the interferometer are dried with fused calcium 
chloride to eliminate the effects of moisture. Before use, the inter- 
ferometer is calibrated empirically against various concentrations in 
air of the vapors of each gasoline, by comparison with analyses by 
the Haldane apparatus.'® 

GASOLINES USED. 


Three gasolines used in the tests were: (1) Very light casing-head 
gasoline; (2) a high-grade motor gasoline made by the straight dis- 
tillation of Pennsylvania crude oil, nominally 68° to 70° B.; and (3) 
a low-grade motor gasoline made by cracking. Table 1 gives analy- 
ses and the average molecular weights as determined by the Victor 
Meyer method. 


17 Seibert, F. M., and Tlarpster, W. C., Use of the interferometer in gas analysis: Tech. 
Taper 185, Bureau of Mines, 1918, 18 pp. 

1 Burrell, G. A., and Seibert, Ik. M., The sampling and analysis of gases and natural 
gas: Bull. 42, Bureau of Mines, 1913, 113 pp. 
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Tasre 1.—Molecular sceights and analyses of gaaolines. 


68° to 70° B. 
Kind of gasoline. Casing head. | ‘Ustillate trom fonerncking 
crude. process. 

Average molecular weights: 

Original gnsoline..... ccc cece cece e ccc ceccetecc ce! Weeee ee eeeeee- TO ees sery 120. 

Nonvolatilized residue from tests. .............cccclecsececeserececs LOO voikacxcecis 156. 

Volatilized fractions in tests..................05- al a ara cate eb erature Se OSs wiweest sank! 106, 
Specific gravity (15° C.) 2.2... cece ccc ce eee eee 0. 6635......... 0.7190.........] 0.7440. 
Degrees Baumé.............00.02c 0 cece cee cece cee eeee ee OS: Bscicscccex 58. 2. 
CONOR Foe ploitsatcucinenencease duces se wineonteseeue Water white...| Water white. .| Slightly yellow. 
OdGE ites uate aba ee eaanweia ad Bett enacts Sethe hel Good ......... Good.......... Good. 
ROY iio hoe Geek iret tee ene Oauaee Positive....... Negative... ... Negative. 


eter, Barometer, Barometer, 


Barom 
Distillation. 743 mm.; tem-| 747 mm.; tem-| 747mm.; tem- 
perature, °C. | perature,°C.| perature, °C. 


Amount distilled 
Bret QlOD sas des css Sis cng sls ca bac eaadnaies 33 45 46 
D DOE CONG oo sc ccecelee tats dan cetiecsuneeet iat ees 37 56 60 
10 per cemt..... 0... 2c cece ce eceecccccceceeeceeees 40 64 * 68 
Fo | 45 76 82 
90 DOF CONG ose seco ise ete hae aes iateeenne 49 88 4 
WM per cent........ 2.2 cece cece cece ecececcccceeceees 54 102 106 
RS DOT CONE ois ele ea ie eek de eens 57 108 112 
50 per cent... 00... eee eee ce cee eee caccneee 50 114 119 
OO per Cen 65555 be et twee iaeews yeeewe ss 64 128 134 
10 POF CONG oe. se hoc. eeteet esx teed eee esaeaiicas 71 142 150 
SD) DOr CON ose os eh hate a ee on eucbe eeweys 80 160 166 
OO DOr CORR asi s eed eee a Moan d a eetokwed & 97 181 185 
OS: per Certs ckes ieee ne bea dec tation suelstede 125 204 215 
DYYy DOING sooo ter a ee eee cata ees a 126 206 218 
Distilled, per cent... 2.0.0.0... 0. cece cece een eee eceeees 96. 0 96.5 95.0 
Residua, per cent........... 0 cece ce cece ec ee cee eeeees 0.5 1.2 1.6 
Loss, per cont... 2.0.0... cece ee cece een ce eeneeee 3. 5 2.3 3.4 


These gasolines present a range of high volatilities when compared 
with petroleum and its products in general; and having such 
properties, they are most likely to create high concentrations of 
vapors in air and also the conditions that are most hazardous with 
respect to the protection of men who might encounter them. The 
performance of canisters in restraining these vapors would be 
equaled or exceeded in giving protection against vapors of any other 
petroleum product, especially kerosene and the heavier distillates, 
because the vapor concentrations of those products are usually much 
less than the percentages used in the tests. 
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12 GAS MASKS FOR GASOLINE AND PETROLEUM VAPORS. 
RESULTS OF MACHINE TESTS. 


Tests have shown that the following factors influence the capacity 
of charcoal for adsorbing gasoline vapors: Nature and volume of 
the charcoal; moisture in the charcoal and in the air; kind of gaso- 
line; concentration of gasoline in air; rate of air flow; and tempera- 
ture. The temperature throughout the tests was normal—about 20° 
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LIFE AT 100 PER CENT EFFICIENCY, MINUTES 
S 


Ficurp 3.—Graph showing life of different sized charcoal canisters tested against casing- 
head gasoline, Charcoal, dry, 40-minute grade; relative humidity, 50 per cent; tem- 
perature, 25° C. 

to 25° C, (68° to 77° F.), which may be considered uniform; the 

relative humidity of the air was 50 per cent throughout. Other 

factors were varied, as is specified in the descriptions of the tests. 


VOLUME OF CANISTERS AND CAPACITY FOR GASOLINE. 


The life, under machine test, of canisters containing 600, 1,500, and 
3,600 c. c. of dry activated charcoal, 40-minute grade by accelerated 
chloropicrin test,?** is shown in Figure 3. Casing-head gasoline was 


se Wieldner, A. C., Oberfell, G. G., Teague, M. C., and Lawrence, J. N., Methods of testing 
gas masks and absorbents: Jour. Ind. Eng. Chem., vol. 11, June, 1919, pp. 519-540. 
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used in concentrations of 1 per cent (10,000 parts per million parts 
of air), 3 and 5 per cent; the rates of flow were 32 and 64 liters per 
minute. The life of canisters, the period during which they re- 
strained all gasoline, is shown to be directly proportional to the 
amount of charcoal held. 


EFFECTS OF MOISTURE ON ADSORPTION CAPAOITY. 


The effect of moisture in charcoal was determined with small 
(600 c. c.) canisters manufactured in 1918. The charcoal in these 
canisters was 14-minute grade by accelerated chloropicrin test, much 
poorer than the good charcoal now on the market, which tests 40 
minutes. Three moisture conditions were tried, as follows: (1) Air 
at room temperature was bubbled through water, thereby attaining 
85 per cent relative humidity, and was passed through the canisters 
for six hours at a rate of 32 liters (1.13 cubic feet) per minute to 
permit moisture adsorption; (2) air-dry condition, the canisters hav- 
ing stood in ordinary room air for three years; and (8) dried, by 
drawing 32 liters of air per minute for four hours through the can- 
isters in an oven heated to 105° C. Ona dry basis the moisture in 
the charcoals was found to be 21, 12, and 0.35 per cent, respectively. 

Figure 4 shows results of representative tests of these canisters 
made by passing through them, at a rate of flow of 32 liters per 
minute, air containing 1 per cent of the casing-head, of the 68° to 
70° B., or of the motor gasolines. The lower half of the figure com- 
pares the efficiencies (percentages of incoming gasoline vapor re- 
tained by the charcoal) with the duration of the test; in the upper 
part of the figure the efficiencies are plotted against the molecular 
volumes of the gasoline retained by the charcoal. As equal molecu- 
lar volumes contain equal numbers of gasoline molecules, the upper 
curves indicate the relative numbers of molecules of each gasoline 
adsorbed. 

The dry charcoals, indicated by C in Figure 4, show 100 per cent 
efficiencies for 24 minutes against 68° to 70° B. gasoline, 25 minutes 
against motor gasoline, and 28 minutes against casing-head gasoline. 
These results seem irregular in view of the density and volatility of 
the gasolines; but the upper half of Figure 4 brings out greater regu- 
larity, indicating that the molecular volumes adsorbed are in reverse 
order to their volatilities. The inverted order is due no doubt to a 
tendency of the light casing-head gasoline to penetrate farther into 
the granules. As will be shown later, a penetration or “ soaking-in ” 
process renews the adsorptive capacity of used canisters. 

The series for air-dry B and humidified A canisters show lives at 
100 per cent efficiency of 11 to 14 minutes and of 2 to 4 minutes,e No 

79466°—24—2 p 
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regularity in respect to volatility of the gasolines and the molecular 
volumes adsorbed appears in the B. and C series. The ‘différences 
are not of much practical importance, since the lives are much Jess 
than those of the dry C canisters. The lack of regularity may ‘be 
due in part to slight differences in moisture contents, irregular dis- 
tribution of the moisture through the charcoal, or to errors of testing. 

These tests show especially that canisters for petroleum vapors 
should be thoroughly dry, and should be guarded from moisture and 
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Ficurp 4.—Graphs showing results of testing small canisters against different gasoline 
vapors in 1 per cent concentrations. Charcoal, 14-minute grade; rate of air flow, 32 
liters per minute; relative humidity, 50 per cent; temperature, 25° C. 


humid air; the greater the moisture content the less is the residual 
capacity for gasoline. Canisters in equilibrium with 85 per cent 
humid air are almost useless.2* 

In the foregoing tests the air used had a relative humidity of 50 
per cent, which may be taken as an average condition. Such air, as 
compared with very dry air, would tend to shorten the life of can- 
isters. Humid air gives up its moisture to dry charcoal, thus re- 
ducing the capacity of the charcoal to adsorb gasoline; on the other 


38> Since the foregoing was written, an article by A. B. Ray, Industrial adsorption of 
gas and vapor with activated carbon: Met. and Chem. Eng., vol. 29, Aug. 27, 1923, pp. 
345-849, says that wet activated carbon 1s “ almost as effective an adsorbent for hydro- 
carbon vapors as is dried carbon." ¢ Such effects were not found in testing gas-mask can- 
fsters filled with activated coconut charcoal. 
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hand, humid air has less drying effect on canisters containing con- 
siderable moisture. Air with a: moisture content greater than 50 
per cent relative humidity tends still further to shorten the life of a 
canister. It is to be noted from Figure 4 that in all cases vapors 
penetrate canisters gradually, so that several minutes elapse before 
dangerous concentrations are passing. Since the odor of vapors in 
low concentrations is easily noticed, a person has ample time, after 
he detects vapors penetrating a gas mask. to return to fresh air before 
becoming incapacitated. — 


METHOD OF CALCULATING MOLECULAR VOLUMES. 


In the tests against casing-head gasolines, all the liquid introduced 
into the air stream was volatilized and passed into the canister, but 
only a part of the 68° to 70° B. and the motor gasolines volatilized. 
Calculation of the molecular volumes of casing-head gasoline used 
is simple, as follows: 

<2 Volume of liquid X density. 
Molecular volumes= 4 olecular weight in grams. 
For 68° to 70° B. gasoline and motor gasoline, however, the average 
molecular weight of the evaporated fractions were unknown. The 
following example shows the calculations used to determine molecu- 
lar volumes of the evaporated portions, the data being taken from 
a test with 68° to 70° B. gasoline: 


Density :— Symbol. 
original gasolin =0.715 =de 
residual gasoline =0).752 =d; 
volatilized gasoline = (?) =ds 

Molecular weight :— 
original gasoline = 110 = Me 
residual gasoline = 160 =m: 
volatilized gasoline = (2) Ms 

Volume of gasoline liquid :— 

c. c. delivered per minute =1.87 =Ve 
c. c. residue per minute  +0.600 =V1 


c. c. volatilized per minute?’ =ve—v: =1.27 =v; 


Weight of gasoline:— ; 
grams delivered per minute =1.87 0.715 =1.8387=vede=We 


grams residue per minute * = 0.600 X 0.752 =0.451=—vid: = w: 
grams volatilized per minute =we—wWi _=0.886=vids = wa 
ds = Ws + vs = 0.886 + 1.27 =0.698 . =ds 


Molecular volume of perfect gas (25° C., 760 mm.) = 24.45 liters = V 
Volume of we grams gasoline (25° C., 760 mm.) as perfect gas =V, 
Volume of w, grams gasoline (25° C., 760 mm.) as perfect gas =V, 
Volume of w; grams gasoline (25° C., 760 mm.) as perfect gas =V; 


* Liquid gasoline fractions have constant partial volumes in gasoline mixtures, 
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Now, 
VemVit Vie VXE 
Wi 
VieVXE 
Ws 
Vin VxX 
and, 
id Wi, Ws) We 
Vee (242 vxEs 
Hence, 
Wwe Wi, Ws 
Me My: Mo 
ws, We Wi _ Wem: —WwWiMe 
Ms Me M: MeMi 
From which, 
se WO (mem:) _ (We—W1) Mem 
e Wel: — Wie = Wel — Wie 
Substituting, 
0.886 X 110 K 160 15590 


Ms= (7337 X 160) — (0.401 X110)-213.9-49.6 9 


Let molecular volume, in liquid form, of volatilized 68° to 70° B. gasoline=m 


== 94.9 + 0.698 = 136. c. c. 


Fraction of molecular volume volatilized per minute= t= 527 = (0.00934 


TESTS WITH HIGH CONCENTRATIONS OF GASOLINE VAPOR AND HIGH RATES 
OF FLOW. 


The previous tests against 1 per cent of gasoline vapors in air 
show a relatively long life for canisters. If such concentrations were 
never exceeded in tanks and apparatus, there would be no hesita- 
tion in fully recommending the charcoal-filled canister gas masks; 
but 1 per cent concentrations are exceeded many times and adequate 
protection must be afforded by a gas mask whenever it is used. 

Figure 5 gives results of tests with increasing concentrations of 
casing-head gasoline vapor at rates of flow of 32 and 64 liters per 
minute. The charcoal was dry and of 40-minute grade. The figure 
shows that the life of the charcoal is decreased by increasing con- 
centrations in amounts more than inversely proportional to the con- 
centrations. The same is true of the rate; thus a 600 c. c. size can- 
ister, tested at a rate of 32 liters per minute against 1 per cent vapor, 
lasted 62 minutes before beginning to fail; against 3 per cent vapor, 
8 minutes; and against 5 per cent vapor, only 314 minutes. At a 
64-liter rate, a 3,600 c. c. canister lasted 137 minutes against 1 per 
cent vapor, and 634 minutes against 5 per cent vapor. Under the 
latter conditions, a 600 ¢. c, canister would last only about 1 minute, 
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A man on a new or unusual job often may not be aware of the 
concentration of the vapor, so safety demands that the concentra- 
tions be determined by chemical analysis to assure that a canister gas 


gas mask can afford protection, and these masks are not to be recom- 
mask is adequate before the person 


A robust man can breathe 64 liters per minute only for a very short 

! time, and then only with utmost exertion. These tests show, how- 

cent of gasoline vapor may be taken as the limit in which a canister 
mended for concentrations exceeding an average of 2 per cent. 


' ever, what may be expected of canisters in an emergency. 
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is not available, or time for analysis is lacking, it is better to use a 
hose mask or self-contained oxygen breathing apparatus for protec- 
tion. A generally safe rule to follow is to wear a canister gas mask 
for protection from petroleum vapors only when a man can work 
for a short time without respiratory protection. 

At one refinery, at least, canister gas masks are now used by men 
working at the “rack” for filling tank cars. The cars, containing 
at times a little residual gasoline, arrive at the rack with the top 
manhole and the bottom drain pipes open. Before these tanks are 
filled, men enter and inspect them. Formerly the men used no 
_ respiratory protection, but held their breath or breathed as little 
as possible while in the vapors. Gas masks with charcoal-filled 
canisters of 600 c. c. size are now used continually on this job. In- 
spection of a car takes from one to three minutes, and canisters in 
service last several weeks before replacement. Conditions encoun- 
tered in this service must be much less severe than tnose applied in 
the tests discussed above. 


TESTS OF MASKS ON MEN. 


Machine tests previously described give comparisons of the action 
of gas masks under various controlled conditions, but the final cri- 
terion must be their performance when worn by men. 

Casing-head gasoline and 68° to 70° B. gasoline were put up in 1 per 
cent concentrations in the 1,000 cubic foot gas-chamber of the bureau 
at its Pittsburgh experiment station. Gas masks with 600-c. c. can- 
isters containing air-dry (12 per cent moisture) activated charcoal, 
14-minute grade by accelerated chloropicrin test, were worn in each 
vapor by two men—one large, weighing 210 pounds, and the other 
small, weighing 140 pounds. In the chamber they performed calis- 
thenic exercises to accelerate breathing, which were alternated with 
periods of rest, and after exercising and resting for a total of 25 
minutes completed the test by pumping air with a tire pump into a 
gas cylinder of about 1 cubic foot capacity. 

During the 25 minutes of exercise and rest, the breathing ranged 
from approximately 8 liters per minute at the start to about 32 liters 
after acceleration by exercises. This latter figure is the breathing 
rate of a man doing ordinarily hard work or walking at a rate of 
314 miles per hour. Pumping air into the cylinder is severe exer- 
cise, and rapidly accelerates the breathing to a maximum rate of 
probably 50 to 60 liters per minute. In each test gasoline penetrated 
the canisters after about one minute of pumping, or about 26 minutes 
from the start of the test. 

The canisters worn by the larger man “ broke” first, but only by 
a fraction of a minute, because he breathed a greater volume of air. 
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Had the extra duty required in.air pumping been omitted, the can- 
isters would have undoubtedly lasted much longer. The 26-minute 
life of canisters worn by the men compares well-with 11 minuter 
and 14 minutes by machine tests under similar conditions against 
68° to 70° B. and casing-head gasolines, respectively. Thus in ordi- 
nary service and without excessive rates of breathing, a canister 
may last several times as long as ee ay machine tests under 
conditions otherwise similar. 


USED CANISTERS REVIVIFIED. 


All the tests described heretofore have been continuous; that is, 
gasoline vapors passed into a canister without interruption until it 
failed to adsorb and restrain them. It has been found, however, 
that the canisters tested beyond 100 per cent efficiency and then set 
aside for a time become revivified; they regain their capacity for 
gasoline vapor, and again show 100 per cent efficiency, but for a 
shorter time, when tested. Similarly, canisters tested intermittently 
without being forced to their “ break” show a longer summation of 
test life than in continuous tests. 

For instance, a canister of these specifications—600 c. c. of aeti- 
vated charcoal, 14-minute grade by accelerated chloropicrin test, 
and sindry_—was tested by machine against 1 per cent of casing 
head gasoline in air, until, after 20 minutes, it retained only 57 per 
cent of the incoming vapor. The canister-then stood in laboratory 
air for 52 days; it was neither stoppered nor protected in any way 
and possibly some adsorbed gasoline may have escaped; however, 
no gasoline vapor could be detected when later from time to time a 
man breathed through it. After 52 days the canister was replaced 
on the machine and tested further; it showed 100 per cent efficiency 
for 5 minutes, and it again showed 5T per cent efficiency after 14 
minutes. 

Another canister tested against motor Sasoline gave 100 per cent 
efliciency for about 13 minutes; the test was continued until 50 per 
cent efficiency was recorded at 29 minutes, then the canister was set 
aside in the laboratory. Air breathed through the canister when set 
aside was heavy with gasoline vapors, but these gradually dimin- 
ished until after a few days they were no longer perceptible. After 
81 days the canister was tested again; it remained 100 per cent 
efficient for 2 minutes, then permitted a slow penetration of vapor, 
and reached 90 per cent after 18 minutes. 

Such revivification of used canisters upon standing may be due 
partly to loss of gasoline by evaporation, but this is probably a minor 
influence, because canisters whose tests are interrupted for short 
periods (minutes) under conditions preventing evaporation often 
show increased total life. Moisture changes may also be accountable 
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for some revivification. Tests do not show the absolute adsorptive 
capacity of charcoal, but rather the capacity for continuous adsorp- 
tion under service conditions. More probably the increased life is 
due to a penetration, a soaking in or “ drift” ?* of the gasoline ad- 
sorbed on the outer surfaces of the charcoal granules, to the deeper 
parts, whereby the outer surfaces regain capacity. Canisters that 
are used intermittently in actual service thus give greater total life 
than those that are worn continuously in vapors to the limit of ad- 
sorptive capacity. 


REVIVIFICATION WITH HEATED AIR. 


As is well known, charcoal adsorbs more gases and vapors at lower 
temperatures and its adsorptive capacity decreases at higher tem- 
peratures. Hence, attempts were made to regenerate canisters by 
driving off the adsorbed gasoline with a current of heated air. Ex-- 
cellent results were obtained. Air at 100° C. drawn through at the 
rate of 1 cubic foot per minute regenerated the 600 c. c. canisters in 
two hours; tests for life nearly equaled the original or were greater 
when moisture in the charcoal was reduced simultaneously with the 
gasoline. A 3,600 c. c. canister regenerates similarly in 10 hours. 

Canisters were used and regenerated repeatedly, an electric oven 
with automatic temperature control being employed for regenera- 
tion. The hot air was drawn through the canister in the oven and 
thence through a connecting pipe to a small motor-driven rotary 
pump outside. Care was taken to prevent gasoline vapors escaping 
into the oven itself, owing to the danger of explosion through igni- 
tion by electric sparks or hot parts. The temperature need not be 
maintained exactly at 100° C., but it must not exceed 150° C., be- 
cause activated charcoal might take fire. 

Laboratory equipment may not be available where gas masks are 
used, but suction can be improvised with steam or water-jet aspi- 
rators, and hot air or gases of proper temperature may be drawn 
from stacks or around furnaces or apparatus. The gases should be 
free from dust, smoke, and suspended matter. Steam can not be 
used, because it leaves moisture in the charcoal, greatly reducing 
the adsorbent capacity. Cotton-wool filters dampened by wet steam 
pack together in a canister and thus increase the resistance to 
breathing so much that the canister is useless. 

The cost of regenerating charcoal-filled canisters is a fraction of 
the cost of new canisters, hence considerable saving may result from 
regeneration of gas masks used against petroleum vapors. Canisters 
containing a chemical adsorbent can not be regenerated. 


1° Oude, H. E., and Hulett, G. A., Some preperties of charcoals: Jour. Am. Chem. Soc., 
vol. 42, March, 1920, pp. 891-401. 
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HYDROGEN SULPHIDE GAS IN CRUDE OF. 


As previously stated, certain crude oils from the Lima field in 
Ohio, from Canada, and elsewhere, notably some from Mexico, con- 
tain hydrogen sulphide gas (H,S) in solution, which is given off 
when the petroleum is heated or exposed to the air. Since H,S is 
much more poisonous than ‘petroleum vapors, more pains should be 
taken to avoid it. 


' PHYSIOLOGICAL EFFECTS OF HYDROGEN SULPHIDE. 


Hydrogen sulphide has an exceedingly disagreeable odor (like 
rotten eggs) when greatly diluted in air. At higher concentrations 
the odor disappears, due to anesthetic effect on the olfactory nerves; 
however, at concentrations above the odoriferous,”° a metallic taste 
persists that may be noticed by persons who are accustomed to the 
gas. Hydrogen sulphide is intensely poisonous and quickly causes 
unconsciousness and death because of its paralytic action on nerve 
centers controlling respiration and the heart. Sayers, Mitchell, and 
Yant found that 600 parts per million (0.06 per cent) of H,S in air 
renders a dog unconscious in about 2 minutes and kills it in about 
15 minutes. Lehmann determined that persons were affected 
slightly after several hours’ exposure to concentrations of 100 to 
150 parts per million, and that 1,000 to 2,000 parts per million are 
quickly fatal to men or animals. Its lack of odor in deadly concen- 
trations makes hydrogen sulphide very treacherous. A number of 
men in the petroleum industry have died from inhaling it. 


PROTECTION AFFORDED AGAINST HYDROGEN SULPHIDE BY 
CANISTERS. 


Tests of canisters to determine the protection they afford against 
hydrogen sulphide were made with apparatus similar to that de- 
scribed previously, except that H,S was introduced into the air 
stream from a generator at a measured rate. The canisters contained 
activated charcoal, soda lime, or mixtures of soda lime and charcoal, 
respectively 40 and 60 per cent by volume. Some of the results are 
presented graphically in Figure 6, which shows the life of different 
size canisters, and Figure 7, which shows'the variation in life 
against concentrations of 14, 1, and 3 per cent of hydrogen sul- 
phide in air. The tests were made at 32 liters per minute, at 
Toom temperature, and with 50 per cent relative humidity, corre- 
sponding to tests against gasoline vapor. 

*® Sayers, BR. R., Mitchell, C. W., and Yant, W. P., Hydrogen sulphide as an industrial 
poison: Report of Investigations, Bureau of Mines, Serial No. 2491, June, 1923. 

= Lehmann, K. B., Experimentelle Studien iiber den Einfluss technisch und hygienisch 


wichtiger Gare und Dampfe auf den Organismus; Theil V. Schweifelwasserstoff: Arch. 
fir Hygiene, Bd. 14, 1892, pp. 135-189. 
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The granular soda-lime adsorbent for acid gases, which include 
hydrogen sulphide, was prepared especially for use in gas masks 
according to the formula developed during the World War.?'* It 
contained hydrated lime, 45 parts; Portland cement, 14 parts; in- 
fusorial earth, 6 parts; sodium hydroxide, 1 part; water, 13 parts; 
and sodium permanganate, 214 parts. As shown by Figure 7, the 
canisters filled with soda lime restrain about four and one-half times 
as much hydrogen sulphide as those filled with dry, activated char- 
coal. However, soda lime has no capacity whatever for gasoline 
vapor. Moisture reduces the capacity of charcoal for gasoline but 
increases its capacity for hydrogen sulphide; for instance, a 600 c. ec. 
canister of the charcoal equilibriated with air at 85 per cent relative 
humidity (21 per cent moisture on dry-charcoal basis) lasted 29 
minutes against one-half of 1 per cent of H,S (or almost as long as 
soda lime), as compared to three and one-half minutes for dry 
charcoal. 

Figure 7 shows that the life of canisters containing soda lime is 
about inversely proportional to the concentration of H,S; a 600 c. c. 
canister lasted 34 minutes against one-half of 1 per cent and 6 
minutes against 3 per cent. It is not feasible, however, to use gas 
masks in 3 per cent concentrations of hydrogen sulphide because 
of the intense heat produced by adsorption and by the neutralization 
of the alkali. Solder was melted on a 600 c. c. canister testing 
against 3 per cent H,S; and in a 1,500 c. c. canister the cotton-wool 
filters in the can were set on fire. When air with 3 per cent of H,S 
was passed through a 1,500 c. c. canister of charcoal, the charcoal 
itself became ignited. The charcoal acts as a catalyzer, promoting 
the oxidation of H,S by the air, with formation of sulphur dioxide 
and possibly sulphur trioxide and some free sulphur.*? The re- 
actions seem to be— 

9H,S+0,+C=—2H,0+28+C, 2H,S+20,4+C=—2H,0+S80,+C, 
H,S+20,+C=H 20+S0,+0. 

Heat of this reaction is mainly responsible for ignition of the 
charcoal. At 3 per cent concentration of H,S the gas that breaks 
through the charcoal is SO,, whereas at one-half and at 1 per cent 
it is H,S. 

The charcoal curves in Figure 7 do not quite follow the inverse 
proportion; a little longer life is shown at higher concentrations 
than the inverse proportion requires. No doubt this is due to the 
charcoal adsorbing more tenaciously the sulphur or SO, produced 
by the oxidation. Two points are plotted on Figure 7 showing the 
action of mixtures of dry activated charcoal (60 per cent by volume) 

2¢ Lamb, A. B., Wilson, R. E., and Chaney, N. K., Gas mask absorbents: Jour. Ind. Eng. 
Chem., vol. 11, 1919, pp. 420-438. 


= Bailey, I. 1., Purification by iron oxide: Gas. Jour., vol. 155, 1921, pp. 162—163, 
214-216: Chem, Abs., vol. 15, 1921, p. 3200, 
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FicurB 6.—Graph showing life of various sized canisters tested against 1 per cent 
hydrogen sulphide. Charcoal, 40-minute grade; rate of flow, 32 liters per minute; rela- 


tive humidity, 50 per cent; temperature, 25° C, 
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Ficuke 7—Graph showing effect of increasing concentrations of hydrogen sulphide on life 
of canisters. Charcoal, 40-minute grade; rate of flow, 32 liters per minute; relative 


humidity, 50 per cent; temperature, 25° C. 


viatizes ty GOOgle 


24 GAS MASKS FOR GASOLINE AND PETROLEUM VAPORS. 


and soda lime (40 per cent by volume). The life determined for 
600 c. c. canisters of the mixture is slightly higher than that which 
may be calculated on the basis of proportions of the two adsorbents. 
This increase is probably due to some moisture contained in the soda 
lime passing to the charcoal and increasing its capacity. 

Based on these tests, gas masks can be recommended for use in 
concentrations of H,S in air averaging not over 1 per cent and not 
exceeding 2 per cent in irregular concentrations. The heat de- 
veloped in canisters serves to indicate to the wearer the proportion 
of H,S encountered. On numerous occasions members of the Bureau 
of Mines have, with excellent results, used gas masks for protection 
from hydrogen sulphide during experimental work. The concen- 
trations encountered in this manner, however, have not been high— 
0.3 per cent being the highest range. 


LIMITATIONS OF CANISTER GAS MASKS. 


Canister gas masks have special and important limitations that 
restrict their use to certain definite atmospheres. Below is a sum- 
mary of the conditions in which canisters of activated charcoal and 
of soda lime are effective against petroleum vapors and hydrogen 
sulphide; but it must. be remembered always that failure to conform 
to these conditions may jeopardize the wearer of a gas mask and 
even cause his death. 

(1) Canister gas masks containing up to 3,600 c. c. of activated 
charcoal do not protect against concentrations of petroleum vapors 
in air exceeding 5 per cent by volume, nor against concentrations of 
hydrogen sulphide exceeding 2 per cent. 

(2) The activity and capacity of these masks are insufficient to 
give practicable protection against concentrations continuously ex- 
ceeding 2 per cent of petroleum vapors or 1 per cent of hydrogen 
sulphide on account of the short time of protection before vapors 
penetrate. 

(3) Canister masks containing only soda lime give no protection 
whatever against petroleum vapors; against hydrogen sulphide they 
give longer protection than charcoal, but they can be safely used 
only in concentrations that do not exceed 2 per cent. 

(4) Canister masks containing mixtures of activated charcoal and 
soda lime increase the protection against hydrogen sulphide over 
that afforded by an equal volume of charcoal alone but decrease the 
protection against petroleum vapors; similarly, the mixture, com- 
pared to soda lime only, affords protection against petroleum vapors 
but decreases protection against hydrogen sulphide. 

(5) Unless it is known from chemical analysis or other definite 
source that the vapors in question do not exceed the average con- 
centrations stated above, canister gas masks must not be worn. 
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(6) Ammonia gas masks that contain copper sulphate impreg- 
nated on pumice granules (kupramite)* as an ammonia absorbent, 
and other special gas masks on the market give no protection what- 
ever against petroleum vapors and hydrogen sulphide. 

(7) Canisters larger than 600 c. c. size give longer time of protec- 
tion, but the average concentration stated above should not be 


exceeded. 
HOSE MASKS. 


The hose mask consists of a face mask or a mouthpiece attached 
to a long hose through which the wearer inhales fresh air. The 
length of hose limits the distance he may go from pure air into 
irrespirable gases and vapors. With three-fourths to 1 inch hose 
the distance may range up to- 100 or 150 feet without causing un- 
due exertion in drawing breath. Longer lengths of hose may re- 
quire a pump or source of compressed air to force pure air to the 
wearer. The hose mask is not limited as regards the concentration 
or kind of irrespirable vapors or gas that surround the wearer; it. 
protects against any atmosphere that the skin can endure. A num- 
ber of forms of hose masks have been used for many years. Since 
the development of the Army gas mask the Tissot face piece attached 
to the hose has been most popular. 

Three forms of hose masks made by the Bureau of Mines are 
shown in plates IV to V, @. Plate IV shows a Tissot-type face 
piece connected by flexible nonkinking rubber tube covered with 
stockinet to the long hose which is attached to a belt. In the union 
between the flexible tube and hose is a disc check valve to prevent 
passage of exhaled air into the tubing. The belt is of heavy cotton 
web 3 inches wide. The hose is solidly fixed to the belt at the front 
and side of the body with a strap between the hose and belt at the 
other side of the body dividing the drag. The hose is of rubber and 
cloth, three-fourths inch nominal inside diameter and 114 inches out- 
side diameter; and an embedded stiff metal spiral prevents collapse. 
This hose is manufactured in 25-foot lengths, which may be joined 
when necessary. At the pure-air end of the hose there is a bell or 
funnel of wood and metal which raises the opening from the ground 
and helps to prevent the entrance of dust. A close-mesh screen in 
the funnel restrains coarse particles, and cotton wool or waste may 
be put into the funnel to prevent the entrance of finer dust. The 
hose should be blown out at intervals with compressed air to elimi- 

™Perrott, G. St. J., Yablick, M., and Fieldner, A. C., A new absorbent for ammonia 
respiratora: Jour. Ind. Eng. Chem., vol. 11, November, 1919, pp. 1013-1016. Fieldner, 


A. C., Katz, 8. H., and Kinney, 8. P., Gas masks for gases met in fighting fires: Tech, 
Paper 248, Bureau of Mines, 1921, 61 pp, 


Google 


26 GAS MASKS FOR GASOLINE AND PETROLEUM VAPORS. 


nate dust and sulphur which may bloom out on the rubber and 
irritate the wearer’s eyes. 

The hose mask in Plate V, A, is similar to the previous one, except 
that a McCaa ** harness is used instead of the belt. This harness is 
similar to that used with the McCaa oxygen breathing apparatus 
described later and is adjustable to various sizes. Plate V, B, shows 
a ring at the back between the shoulders providing for the attach- 
ment of a rope or life line to lift men from danger in emergencies. 
The hose is fastened to the harness high on the back. Two flexible 
rubber tubes lead from the face piece around both sides of the neck 
and connect through a T to the hose. This mask eliminates tubes 
in front of the body where they may interfere with work. No check 
valve was used, but the resistance to air flow through the hose was 
relied upon to cause exhalation through the flutter valve of the mask. 

A hose mask similar to the preceding one, except that the face 
piece is replaced by a mouthpiece for breathing, is shown in Plate 
V, C. Plate V, B, shows the attachments on the back. The hose, 
harness, and attachments are identical with those in Plate V, A. 
The mouthpiece is similar to those used with self-contained oxygen 
breathing apparatus 7° except that it is equipped with a flutter valve 
to eliminate exhaled air. Valves inside the metal tubes of the 
mouthpiece check any back flow of air. Straps fastening to a cap 
worn with this mask hold the mouthpiece in place. The nostrils are 
closed by a small clamp. Goggles to protect the eyes are necessary 
when this apparatus is worn in irritating gases, such as hydrogen 
sulphide and hydrocarbon vapors. This mask eliminates the dis- 
comfort of the face masks, especially in hot weather or in warm 
places. 

Hose masks are simple, contain no chemicals nor parts that are 
easily used up, and require no replacements until worn out. There 
is practically no expense of upkeep, and there are no limitations as to 
the kind of atmosphere in which they give protection. Hose masks 
are especially useful around refineries, tanks, and apparatus for 
storing, handling, and shipping petroleum products and similar 
volatile liquids, because the wearer must penetrate relatively short 
distances from pure air. 


ATR. BLOWERS FOR HOSE MASKS. 


Some hose masks are equipped with small hand-driven rotary 
blowers at the pure-air end of the hose. Such a blower should be of a 


*% McCaa, George R., mine safety engineer, Pittsburgh experiment station, Bureau of 
Mines. 

* Henderson, Y., and Paul, J. W., Self-contained oxygen breathing apparatus and phyaio- 
Jogical effects on users: Tech. Paper 82, Bureau of Mines, 1917, 102 pp. 
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type to force air with either direction of rotation and should cause 


: no restriction to natural breathing by its failure to operate. 
: Blowers are to be recommended because they exert positive pressure 


throughout a mask, and, should any leaks occur at joints or in the 
fit of the face piece, the leakage is outward—thus eliminating 
danger. Operation of the blower requires an attendant but this 
requirement increases safety; in fact, one or more attendants should 
always be at hand whenever a man enters an irrespirable atmosphere. 


LIFE LINES SHOULD BE USED. 


The Bureau of Mines recommends that a man entering a tank or 
other apparatus should always have a life line attached to his person 
and held outside by at least two strong men who can remove him in 
an emergency. Life lines are always expedient whether the re- 
spiratory apparatus be hose mask, canister gas mask, or self-con- 
tained oxygen breathing apparatus. If the harness is not arranged 
for attaching life lines, they can be tied around the waist. 


TESTS OF HOSE MASKS. 


Plate ITV shows a hose mask with the hose attached to the belt. 
This mask was tested by the writers in gasoline storage tanks at a 
wholesale oil-distributing station. The tanks, 10 feet in diameter 
and 25 feet long horizontally, had been emptied except for a few 
inches of residual liquid. Entrance was gained through manholes 
at the top and down ladders. A rope held by two observers at the 
top was tied around the waist of the man, and the outside end of 
the hose was wired to a fixed rod to prevent its falling into the tank, 
the latter being a most important precaution under many circum- 
stances. 

Three grades of gasoline—absorption, straight-run, and naphtha— 
and one of kerosene (for distillation analyses see Table 2) were in 
the tanks. The outdoor temperature was 80° F., whereas that of 
the atmosphere and the liquids in the tank was 68° F. Table 3 gives 
analyses of samples of the tank atmospheres. The atmosphere in 
the tank containing absorption gasoline held over 90 per cent of 
hydrocarbon vapors and less than 2 per cent of oxygen—an at- 
mosphere which would quickly overcome and kill an unprotected 
man. The tanks holding straight-run gasoline and naphtha also 
contained highly irrespirable atmospheres. The atmospheres in the 
kerosene tank would affect a man breathing it for some time. 
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TABLE 2.— Distillation analyees of gasolines in tanks entered with hose masks. 


Straight-run | A tion 
ee oe Naphtha. | Kerosene. 


Amount distilled: 


Sweaesesr Ft OSeteeeanseeerznaresesesecensn 
Perro ® SMe eeeZOZ On wnvenneneese 
Paes erets Seas t®OPeeresenoraene 


Peat Peasants = sewer earsreseaenrennaeoe 


Distilled, per cent 
Residue, per cent....................... 


TaBLe 3.—Composition of atmospheres in tanks. 


(Air temperature outside tanks, 80° F.; temperature of liquids and atmospheres in tanks, 68°F.) 


Composition of atmospheres, 
per cent. 
e ue Kind of gasoline. Position of sample. Hydro- 
Oxygen. | Nitrogen.| carbon 
vapor. 
l ee 
1 1 | Straight-run......... | Top of tank................... 20. 5 77.3 2.2 
1 Ya are GOs o/c usetac es 4 feet above liquid............ 20. 2 76. 6 3.2 
1 Bo lictas GOs ol ue 6 inches above liquid.......... 18 4 60. 6 12.0 
2 4 | Absorption........... Top of tank................... 9.0 34. 1 56.9 
2 + eee OOseeeaieeveesaut 44 feet above liquid........... 1.8 &0 902 
2 6 besees C6465 Aedes 6 inches above liquid.......... 1.4 5.2 03. 4 
3 7 | Naphtha............. | Top of tank.................6. 20. 0 74.6 §.4 
4 & | Kerosene............. ae OG isncsdcouitegtas decks. 20. 8 72.1 -1 
4 Oo leases GOs 26 -tegcn aks | Middle of tank................ 20. 8 79. 0 -2 
4 Cy oe Cs Ene eee 3 feet above liquid............ 20. 8 79. 1 1 


ne ae ee ne ae mee ae Se ee es a 


The man remained 10 minutes in tanks 1, 3, and 4 (Table 3), but 
he could remain in tank 2 only 6 minutes, as irritation of the skin 
caused by the highly concentrated vapors could be endured no 
longer, although no vapor was detected in the air he breathed. In 
other similar tests the masks have been worn by the writers for 
periods as long as half an hour, and might have been worn in- 
definitely so far as the protection was concerned. 

Information given the Bureau of Mines by seven large oil-refin- 
ing companies shows that the hose mask is most favored for protect- 
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ing men entering tanks and for general use inside of refining appa- 
ratus. Only one instance of poor protection was reported, attrib- 
uted to improper construction of the mask; in all the other instances 
reported the men worked with perfect protection for periods of time 
up to an hour or more. One company has designed, for its own use, 
a hose mask that has the Tissot face piece and belt, and a flexible 
metal hose 114 inches in diameter and 75 or 150 feet long. Air is 
drawn through the hose by the wearer himself. The hose is wound 
on a special reel and the apparatus is carried on a small autotruck 
when wanted in emergencies. 


SELF-CONTAINED OXYGEN BREATHING APPARATUS. 


The McCaa self-contained oxygen breathing apparatus of the 
half-hour type was developed by the Bureau of Mines at the request 
of the Navy Department especially for use in petroleum vapors. 
Plate VI, A, shows this apparatus; another type of the McCaa appa- 
ratus, designed to hold a two-hour supply of oxygen, is shown in 
Plate VI, B. 

An oxygen breathing apparatus differs from a gas mask or a 
hose mask in that it carries, compressed into a tank at a pressure 
as high as 120 atmospheres (1,800 pounds per square inch), a sup- 
ply of pure oxygen gas for the wearer. The oxygen is released 
through a series of valves, tubes, and rubberized bags, and inhaled 
through a mouthpiece. (In early types of oxygen breathing appa- 
ratus a “helmet ” inclosed the head, but in late types the helmet is 
not used because it is dangerous.) The exhaled oxygen and carbon 
dioxide pass through a container of alkaline absorbent—caustic soda 
or soda-lime granules—which removes the carbon dioxide; the un- 
used purified oxygen mixed with fresh oxygen from the tank is then 
rebreathed. The construction and performance of various self-con- 
tained oxygen breathing apparatus have been described elsewhere 
by the Bureau of Mines.” 

Details of the McCaa half-hour and two-hour apparatus are 
shown in Plates VII and VIII. Some important essential features 
are as follows: 

(1) Automatic delivery of oxygen, controlled by the rate of con- 
sumption, This provision eliminates waste and insures a full supply 
for breathing until the oxygen is actually consumed by the wearer. 


“Henderson, Y., and Paul, J. W., Oxygen minerescue apparatus and physiological 
effects on usera: Tech. Paper 82, Bureau of Mines, 1917, 102 pp. Parker, D. J., McCaa, 
G. 8, and Denny, E. H., Self-contained mine-rescue oxygen breathing apparatus, a hand- 
book for miners: 1923, 139 pp. 
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(2) A hand-operated valve to deliver a continuous flow of oxygen. 
through a by-pass around the automatic valve, in case the hatter 
should not function. 

(3) A refillable canister for holding the granular soda-lime xb- 
sorbent for carbon dioxide. The soda lime, commercially known as 
“ cardoxide,” is easily added and removed. 

(4) The weight of the half-hour apparatus is about 17 pounds 
and of the two-hour apparatus only 30 pounds. The latter is the 
lightest oxygen apparatus yet made for its respective time of usage. 

(5) Breathing bags constructed of flexible stockinet fabric, rub- 
berized on one side with a sheeting at least one-sixteenth inch thick. 

Tests have shown that the heavy rubberized fabric of the breath- 
ing bag excludes, for more than two hours,?* gasoline vapors in 
concentrations up to 30 per cent in air; thinly rubberized fabrics 
are quickly penetrated by gasoline vapors. Although the Bureau of 
Mines officially approved *” the Gibbs and the Paul oxygen breath- 
ing apparatus for use in irrespirable mine atmospheres after fires 
and explosions, it has not formally approved them for use in petro- 
leum vapors because their thinly rubberized breathing bags may be 
penetrated. 

At the present time the McCaa apparatus is not commercially 
available, but the Navy Department is requesting bids from manu- 
facturers for constructing, according to McCaa designs and speci- 
fications, half-hour apparatus for use in the Navy. Thereafter the 
McCaa apparatus may be made for industrial uses. Only one type 
of apparatus now on the market—the Fleuss or Proto two-hour 
apparatus—has a breathing bag with walls thick enough to with- 
stand penetration by petroleum vapors during a two-hour period.” 

The Bureau of Mines advises for the present that self-contained 
oxygen breathing apparatus, such as the Paul or the Gibbs, having 
thinly rubberized bags may be worn in petroleum vapors for periods 
not exceeding 10 minutes. Then the breathing bags should be re- 
moved and aired for a day in order to rid them of adsorbed vapor. 

When the McCaa apparatus is manufactured commercially it will 
be generally available for protection against petroleum vapors. 
However, commercially produced apparatus will not be formally 


2a Mieldner, A. C., Katz, 8S. H., and Kinney, S. P., Permeation of oxygen breathing 
apparatus by gases and vapors: Tech. Paper 272, Bureau of Mines, 1921, 24 pp. 

7 Howell, 8. P., Ilsiey, L. C., Parker, D. J., and Fieldner, A. C., Permissible explosives, 
mining equipment, and apparatus approved prior to March 15, 1922: Tech. Paper 807, 
Bureau of Mines, 1922, 21 pp. 

% Since this statement was written the Prote apparatus has been officially approved by 
the Bureau of Mines—in January, 1924. . 
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approved by the Bureau of Mines until they have passed the tests 
and requirements of the Bureau’s Schedule 13.” 

One large oi] company that has had considerable experience with 
various respiratory apparatus and has employees especially trained 
to wear self-contained oxygen breathing apparatus says that the ap- 
paratus with thinly rubberized bags has shown permeation in dense 
naphtha fumes; nevertheless, in ship bunkers where there are cross 
beams and pipes, the oxygen breathing apparatus is of advantage. 


COMPARISON OF GAS MASKS, HOSE MASKS, AND OXYGEN 
BREATHING APPARATUS. 


No one of the three types of oxygen breathing apparatus, gas mask, 
or hose mask can be selected as best for use in all conditions where 
respiratory protection is needed. Each condition must be considered 
as a problem in itself. The following summary will serve for com- 
paring the types: 

(1) Gas masks are simplest, easiest to wear, and least cumbersome, 
but they protect only when the concentrations of noxious gases or 
vapors in air are relatively low. 

(2) Hose masks protect in any irrespirable atmosphere. They are 
somewhat cumbersome, however, and the length of hose limits the 
distance a wearer may go from fresh air. 

(3) Self-contained oxygen breathing apparatus protect in any 
irrespirable atmosphere. Their weight tends to tire a wearer, they 
can be used only by trained men, and they require frequent attention 
to insure maintenance in good working condition. 

More complete statements on the properties of each apparatus in 
regard to various considerations are given in Table 4, which will aid 
selection of the type best suited for a given use. 


* Procedure for establishing a list of permissible self-contained mine-rescue breathing 
apparatus, fees, character of tests, and cenditions under which mine-rescue breathing 
apparatus will be tested: Schedule 18, Bureau of Mines, March 5, 1919, 12 Pr 
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SUMMARY AND CONCLUSIONS. am 


Gas masks, hose masks, and self-contained oxygen breathing appa- 
ratus were tested for respiratory protection against petroleum vapors 
(vapors of petroleums or petroleum products) and hydrogen sul- 
phide. Conclusions are: 

(1) The canister type of gas mask containing 600 c. c. of dry 
high-grade activated charcoal protects a wearer one hour or more 
against 1 per cent of gasoline vapor in air which is otherwise normal ; 
that is, air having no deficiency of oxygen. It is not safe to use the 
canisters in uniform concentrations of gasoline vapor greater than 
2 per cent nor in nonuniform or stratified concentrations averaging 
more than 2 per cent or anywhere exceeding 5 per cent. Moisture in 
charcoal reduces its capacity for petroleum vapors, therefore it 
should be kept dry. Used charcoal may be revivified by drawing 
air at 105° C. through a canister for two hours or more according to 
the size of the canister. Thus a canister may be used repeatedly. 

(2) The 600-c. c. charcoal-filled canister mask protects against 1 
per cent HS in air for 314 minutes. Soda lime is a much better ab- 
sorbent for HS, the 600-c. c. canister filled with soda lime lasting 
17 minutes. Soda lime, however, does not protect against petroleum 
vapors and can not be regenerated. Mixtures of H,S and petroleum 
vapors in air are adsorbed by charcoal, but each in proportion to its 
concentration reduces the adsorbent capacity of the charcoal for the 
other. Canisters containing both soda lime and charcoal adsorbents 
are of advantage when petroleum vapors and hydrogen sulphide are 
both encountered in considerable proportions. Gas masks should 
not be used in air exceeding 2 per cent of hydrogen sulphide or 
hydrogen sulphide plus petroleum vapor. 

(3) Hose masks protect against any irrespirable atmosphere that 
the wearer’s skin will bear. Several types have been described. They 
are especially useful in tanks, apparatus, or situations where the dis- 
tance from pure air is relatively short. A wearer can draw air by 
inhalation through 50 to 100 feet of three-fourths inch or larger hose 
without undue effort. However, a blower of the fan type that de- 
livers air under either direction of rotation and does not when 
stopped retard the passage of air is of advantage. Compressed air, 
if available, may be used. Blowers reduce the effort imposed upon 
the wearer; also if leaks develop in the apparatus the leakage is out- 
ward. The need of an attendant to operate a blower promotes safety 
Manemergency. In fact, persons should not enter dangerous atmos- 
Pheres unless attended by preferably two or more strong and compe- 
tent persons to act in case of emergency, and the use of life lines 
attached to the body is advisable. 
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(4) Self-contained oxygen breathing apparatus having breathing 
bags coated with rubber at least one-sixteenth of an inch thick pro- 
tect against any irrespirable atmosphere for periods as long as two 
hours, which is the nominal time for a charge of oxygen in the larger 
apparatus. Thinly rubberized breathing bags may be quickly pene- 
trated by petroleum vapors. Both Gibbs and Paul apparatus, which 
have been officially approved by the Bureau of Mines for mine rescue 
and recovery work, are not advised for use in petroleum vapors for 
periods exceeding 10 minutes, because the vapors may penetrate the 
thin bags. After this period these bags should be aired for eight 
hours to free them of absorbed vapor. 

(5) The McCaa oxygen apparatus was recently devised by the 
bureau especially for use in petroleum vapors. Its essential features 
are its light weight, a rubberized bag having walls thick enough to 
withstand petroleum vapors for at least two hours, and an automatic 
oxygen supply controlled by the rate of consumption. Two-hour 
and half-hour sizes were made. The McCaa apparatus is not on the 
market as yet, but manufacturers are expected to produce it soon. 


PUBLICATIONS ON GAS MASKS AND BREATHING APPARATUS. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest 
to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


Technical Paper 82. .Oxygen mine rescue apparatus and physiological 
effects on users, by Yandell Henderson and J. W. Paul. 1917. 102 pp., 
5 pls., 6 figs. 

Technical Paper 248. Gas masks for gases met in fighting fires, by A. C. 
Fieldner, 8S. H. Katz, and S. P. Kinney. 1921. 61 pp., 9 pls.. 5 figs. 

Technical Paper 272. Permeation of oxygen breathing-apparatus by gases 
and vapors, by A. C. Fieldner, 8S. H. Katz, and 8. P. Kinney. 1921. 24 pp., 
4 pls., 8 figs. 

Technical Paper 292. Tests of gas masks and respirators for protection 
from locomotive smoke in railroad tunnels, with analysis of tunnel atmosphere, 
by A. C. Fieldner, 8. H. Katz, and S. P. Kinney. 1922. 27 pp., 3 pls., 8 figs. 
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Technical Paper 300. The universal and the fireman’s gas masks, by S. H. 
Katz, J. J. Bloomfield, and A. C. Fieldner. 1923. 22 pp., 2 pls., 6 figs. 

Miners’ Circular 4. The use and care of mine rescue breathing-apparatus, 
by J. W. Paul. 1911. 24 pp., 5 figs. 

Self-contained mine rescue oxygen breathing-apparatus, by D. J. Parker, 
G. S. McCaa, and E. H. Denny. 1923. 120 pp., 14 pls, 9 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY FROM THE 
SUPERINTENDENT OF DOCUMENTS. 


Bulletin 82. International conference of mine experiment stations, Pitts- 
burgh, Pa., September 14-21, 1912, compiled by G. S. Rice. 1914. 99 pp., 
4 figs. 15 cents. 

Technical Paper 77. Report of the committee on resuscitation ‘from mine 
gases, by W. H. Cannon, G. W. Crile, Joseph Erlanger, Yandell Henderson, 
and S. J. Meltzer. 1914. 36 pp., 4 figs. 5 cents. 
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